In this condition, the alloys display an optimum combination of properties for room temperature fabrication and elevated temperature service.
Component manufacturing operations, however, can significantly alter the microstructure and, therefore, the properties of the originally supplied material. It was the purpose of this study to investigate the extent of such changes through experiments involving thermal and mechanical cycles to simulate component manufacturing. The microstructural changes produced by such treatments were studied in detail, and the resultant creep properties at a selected condition were determined.
Another important aspect in the use of solid-solution strengthened superalloys concerns response to in-service conditions in terms of structure/property effects.
To examine this, samples were exposed at temperatures in the range of 650" -980°C (1200"-1800"F), and the resultant microstructural changes were documented. The residual room temperature tensile properties and the weldability of the exposed materials were also determined to assess property degradation generally, as well as to address the practical subject of weld repairability.
Materials and Procedures
The nominal compositions of the alloys studied in this investigation are shown in Table I .
These materials were commercially produced, cold rolled sheet 1.0-1.3 mm (0.040-0.050 in.) thick. Sheet in alloys X, 188 and 230 were produced by Cabot Corporation, alloy 617 No attempt was made to remove the oxidized surface layer developed on the samples during heat treatment prior to testing.
In-service effects were simulated by exposing unstressed samples in an air atmosphere furnace for a period of 1000 hours at selected temperatures in the range of 650"-980°C (1200"-1800°F). Room temperature tensile tests were performed on the samples in the as-exposed condition.
The weldability of the exposed samples was investigated using the spot varestraint TIG-A-MA-JIG test (1) . Prior to this testing, the sample surfaces were vapor blasted using a suspension of alumina in water.
Results and Discussion

Fabrication Simulation
The fabrication of components from superalloy sheet materials involves thermomechanical and thermal treatments such as forming and annealing, stress relieving, and brazing. These operations add to the thermomechanical history of the material, and, therefore, differences between the original and final properties can be expected to occur. Furthermore, it may not be feasible for the fabricator to adhere to the recommended heat treatment practices due to the need to avoid or minimize part distortion, due to equipment limitations, or due to the inability to match brazing and solution heat treatment conditions.
To assess the effects of thermomechanical cycles in which the heat treatment was performed at a temperature below the recommended solution heat treatment temperature, samples were strained 10 percent and annealed at temperatures of 1040°C (1900°F) and 1120°C (2050'F). The effects of these treatments on the creep properties at 870°C (1600"F)/48 MFa (7 ksi) are presented in Table III To examine this possibility, samples of alloys X, 188 and 617 were solution annealed at 1175°C (2150°F) and cooled at various rates ranging from a water quench to a furnace cool between 1175°C (2150'F) and 650°C (1200'F).
The effects of these treatments on 870°C (1600"F)/48 MPa (7 ksi) creep properties are given in Table V only through carbide precipitation during cooling, but also by carbide precipitation occurring at the creep test temperature both before and after the sample was loaded.
In-Service Simulation
Prolonged in-service exposure of solid-solution strengthened superalloys generally results in a reduction of room temperature ductility because of the precipitation of secondary carbides and/or topologically closed-packed phases.
To examine for this, samples were exposed at selected temperatures in the typical use temperature range of 650"-98O'C (1200"-1800°F).
The resultant room temperature tensile elongations obtained are summarized in Table VI.  Typical  optical  micrographs for alloys X and 230 for all exposure conditions are shown in Figures 4 and 5 , and for alloys 188, 617 and 86 for the 760°C (1400°F) exposure condition in Figure 6 .
For alloy X, the ductility reductions following exposures at 650°C (120O'F) and 760°C (1400'F) can be attributed to M23C6 and sigma-phase precipitation, and the reduction following the 870°C (1600°F) exposure to M23C6, Ml2C and mu-phase precipitation (2) -The small ductility decline for the 980°C (18OO'P) exposure is due to secondary M6C precipitation. The reductions which occur in alloy 188 at 65O'C (1200°F) and 98O'C (1800OF) are due to M6C precipitation, while the larger reductions resulting from exposures at 760°C (1400'F) and 870°C (1600'F) are due to M6C, M23C6 and Co2W-type Laves-phase precipitation At an exposure temperature of 980°C (1800'F), the M23C6 carbides take on a discrete , globular morphology as illustrated in Figure 5 .
To gain some appreciation of the weldability of solid-solution strengthened superalloys following service, samples exposed for 1000 hours at temperatures in the 650"-98O'C (1200°-18000F) range were examined for strain induced heat-affected-zone (HAZ) cracking sensitivity using the spot varestraint TIG-A-MA-JIG test. A summary of the results obtained is presented in Table VII . It can be seen that in The only cases of degradation occurred for alloy 617 exposed at temperatures of 65O'C (1200'F) and 76O'C (1400°F).
The cause of this behavior is not known. However, the strengthening which occurs in the alloy on exposure to those temperatures (4) may be a factor.
Conclusions
It has been shown that the thermal and thermomechanical cycles which solid-solution-strengthened superalloys may experience in component fabrication or in service can induce changes in the microstructures of these materials.
These structural changes can be accompanied by significant changes in mechanical properties.
The sensitivity of the various alloys examined in this study to structure/property changes as a consequence of fabrication or service exposure varies with alloy, although similarities in behavior among alloys of the same "family" were noted.
It is concluded that these changes in the structure and properties are an important factor for consideration by design engineers and others involved in the use of these materials.
